Background: Rocuronium has been well known to produce withdrawal response in 50-80% patients when administered intravenously. Several drugs are administered prior injection of rocuronium to prevent the withdrawal response. We compared the preventive effect of lidocaine, ketamine, and remifentanil on the withdrawal response of rocuronium. Methods: A total of 120 patients undergoing various elective surgeries were enrolled. Patients were allocated into 4 groups according to the pretreatment drugs (Group N, normal saline; Groups L, lidocaine 40 mg; Group K, ketamine 0.5 mg/kg; Group R, remifentanil 1 μg/kg). Patients received drugs prepared by dilution to 3 ml volume before injection of rocuronium. Withdrawal responses after injection of rocuronium were graded on a 4-point scale. Hemodynamic changes were observed before and after administration of pretreatment drugs and after endotracheal intubation. Results: Incidence of withdrawal response was significantly lower in group L (20%), group K (30%), and group R (0%), than group N (87%). Severe withdrawal response was observed in 5 of the 30 patients (17%) in group L, and in 9 of the 30 patients (30%) in group K. There was no severe withdrawal response in group R. Mean blood pressure and heart rate were significantly decreased in group R compared to other groups. Conclusions: It seems that remifentanil (1 μg/kg intravenously) was the strongest and most effective in prevention of withdrawal response after rocuronium injection among the 3 drugs. (Korean J Anesthesiol 2014; 67: 175-180) 
Introduction
Rocuronium is the most popular neuromuscular blocking agent because of rapid onset, relatively short duration of action, and less adverse effects on hepatobiliary system or autonomic system [1] . It produces sudden flexion movement on injection as a response to a pain [2] . The withdrawal response is a body reaction due to the pain in unconsciousness [3] .
Therefore, drugs such as fentanyl, lidocaine, ketamine, remifentanil, tramadol, parecoxib, magnesium sulfate, and ondansetron have been introduced as a pretreatment to prevent the withdrawal response of rocuronium [4] . It has been reported that pretreatment of lidocaine 40 mg successfully reduces injection pain of rocuronium [5, 6] . Ketamine (0.5 mg/kg intravenously) also effectively reduces injection pain without mental symptoms such as hallucination before injection of rocuronium [7, 8] . Remifentanil (1.0 μg/kg) pretreatment, frequently used during induction of the anesthesia to improve intubation condition and reduce hemodynamic change, also prevents withdrawal response of rocuronium successfully [1] .
According to the meta-analysis, opioids, lidocaine, and ketamine have been most frequently used as pretreatment to reduce injection pain of rocuronium [4] . Even though meta-analyses have been performed to compare the preventive effect of withdrawal responses to each drugs, it is an indirect comparison of numerous methods and dosages of pretreatment [4] . In addition, no clinical reports have directly compared the preventive effect of intravenous lidocaine, ketamine, and remifentanil on withdrawal response of rocuronium at an effective dose. Direct comparison can be helpful in the clinical setting, and it could be meaningful to identify which drug is the most effective when administered under the same condition. Therefore, we carried out the study to determine which drug had the most superior effect to reduce withdrawal response of rocuronium.
Materials and Methods
The study was conducted after approval by the Institutional Review Board. A total of 120 patients who were scheduled for elective surgery, aged 20 to 60 years, and American Society of Anesthesiologists class I or II were enrolled. Exclusion criteria were as follows: poor venous access, diabetes, allergies to anesthetic medications, neurologic deficit, psychiatric disorder, vasculitis, thrombosis, prior administration of analgesics within 24 hours, or pregnancy. Informed consent was obtained from all patients after full explanation of aim and method of the study and they were randomized into 3 groups according to pretreatment drugs through a computerized randomization. Patients in group N constituted the control group and received normal saline before injection of rocuronium. Those in group L, group K, and group R received lidocaine 40 mg, ketamine 0.5 mg/kg, and remifentanil 1 μg/kg, respectively [1, 5, 7] . The dosages of each group were selected from several published reports in which the drugs were administered intravenously and showed most effectiveness in preventing pain response after injection of rocuronium.
All patients received midazolam 0.05 mg/kg intramuscularly 30 minutes before the induction of anesthesia. An 18 gauge venous cannula was kept at the main cephalic vein of the forearm which is proximal to the hand for the infusion of lactated Ringer's solution. After arrival at the operating room, standard monitoring devices such as electrocardiogram, pulse oximetry, and non-invasive blood pressure were attached to the patients. Preoxygenation with a facemask was applied for 5 min before the induction of anesthesia.
Thiopental sodium (2.5%, 5 mg/kg) was injected for the loss of consciousness, and then ventilation with face mask was started. During ventilation, pretreatment drug was administered intravenously according to the groups. All drugs were diluted to a volume of 3 ml by an assistant nurse who had not participated during the induction of anesthesia for the double blind test. Each drug was administered during 15 seconds by another assistant nurse. Muscle rigidity which was defined as difficult ventilation with face mask due to increased tone of the trunk muscles and opioid induced cough was observed in the case of remifentanil injection. If severe muscle rigidity or cough occurred, the patient was dropped out and rocuronium (1.0 mg/kg) has administered immediately for the rapid sequence intubation. One minute after injection of the pretreatment drug, rocuronium (0.6 mg/kg) was administered for 10 seconds. The 4-point scale was used to assess the severity of withdrawal response during rocuronium injection (Table 1) [9] . Severe withdrawal responses were considered as the response > 2 on the 4-point scale.
After injection of rocuronium, patients were ventilated with sevoflurane 2.5 vol% and 100% oxygen. Endotracheal intubation was done 2 minutes after rocuronium injection. Anesthesia was maintained with sevoflurane (2-4 vol% of end tidal concentration) with O 2 /N 2 O mixture (FiO 2 = 0.5). Mean blood pressure and heart rate were measured according to the time sequence. Values are mean ± SD. No significant difference among the groups. Group N: normal saline, Groups L: lidocaine 40 mg, Group K: ketamine 0.5 mg/kg, Group R: remifentanil 1 μg/kg.
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Each measurement was done 1 minute before (control) and after the administration of pretreatment drug and 1 minute after endotracheal intubation. Focal reactions such as erythema, vasculitis, and thrombosis were also observed during the procedure.
Sample size was calculated based on previous studies. The incidences of disappearance of withdrawal response or pain were 75, 60, and 100% after pretreatment with lidocaine [5] , ketamine [7] , and remifentanil [1] , respectively. Sample size was calculated using G*Power software (ver. 3.1.5) which was based on the results of previous studies [1, 5, 7] . According to the analysis of variance, within-group standard deviation between 4 groups was 0.354 and effect size from variance was 0.437. Using α = 0.05 with a power 90%, the minimum sample size was predetermined as 24 patients per group. After considering drop-out rate as 20%, we included 30 patients in each group.
Statistical analysis was done with SPSS 12.0 (SPSS, Chicago, IL, USA). Incidence of withdrawal response was expressed with number (%) and other data were expressed as mean ± standard deviation (SD). Demographic data were analyzed by ANOVA. Gender and weight which were non-parametrically distributed were analyzed by Kruskal Wallis test. The incidence of withdrawal response and 4-point scale were analyzed by the Chisquare test. P < 0.00833 was considered statistically significant accounting for the Bonferroni correction. Hemodynamic changes were analyzed by repeat measures ANOVA, and when betweengroup differences were observed, Mann-Whitney U test was used to analyze between pairs of group. Post hoc tests were done with Turkey's HSD. P < 0.05 was considered statistically significant.
Results
There were no dropouts and the data from all 120 patients could be analyzed. There were no significant differences among the groups in demographic data ( Table 1) .
The incidence of withdrawal response was 87% (26/30), 20% (6/30), 30% (9/30), and 0% in group N, group L, group K, and group R, respectively ( Table 2) . Severe withdrawal response which is >2 on the 4-point scale occurred in 25 patients (84%) in group N (P < 0.00833). However, it was observed in 5 patients (17%) in group L, in 9 patients (30%) in group K, and in no patient in group R, respectively. The number of patients needed to be treated (NNT) to prevent pain in one who would have had pain was 1.49, 1.75, and 1.15 in group L, group K, and group R, respectively. Lidocaine (40 mg), ketamine (0.5 mg/kg), or remifentanil (1 μg/kg) decreased the withdrawal response significantly and remifentanil (1 μg/kg) was the most effective in the prevention of withdrawal response among the drugs (P < 0.00833) ( Table 2) .
There were no significant differences in mean blood pressure and heart rate before injection of pretreatment drugs among the groups (Figs. 1 and 2) . However, there were significant decreases in group R compared to control and other groups after injection Fig. 1 . Sequential changes of mean blood pressure before and after intravenous injection of normal saline, lidocaine, ketamine, and remifentanil and after endotracheal intubation. There was no significant difference in mean blood pressure before injection of pretreatment drugs (control) among the groups. After injection of pretreatment drugs, mean blood pressure was significantly decreased in group R compared to control and other groups. After intubation, it increased in group N, group L, and group K compared to control. Mean blood pressure of group R after endotracheal intubation was significantly lower than other groups (P < 0.05). Group N: normal saline, Groups L: lidocaine 40 mg, Group K: ketamine 0.5 mg/kg, Group R: remifentanil 1 μg/kg. *P < 0.05 compared with control.
† P < 0.05 compared with group N. ‡ P < 0.05 compared with group L.
§ P < 0.05 compared with group K. Values are number of patients (percentage). Group N: normal saline, Groups L: lidocaine 40 mg, Group K: ketamine 0.5 mg/kg, Group R: remifentanil 1 μg/kg. NNT: number needed to treat. *P < 0.00833 compared with group N. † P < 0.00833 compared with group L. ‡ P < 0.00833 compared with group K.
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Withdrawal response of rocuronium of pretreatment drugs ( Figs. 1 and 2 ). After intubation, mean blood pressure was increased in group N, group L, and group K compared to control (Fig. 1) . However, in group R, mean blood pressure was significantly lower compared to other groups (P < 0.05) (Fig. 1) . Heart rate increased significantly compared to control in all groups but, it was significantly lower in group R compared to other groups (P < 0.05) (Fig. 2) .
No erythema, venous sequels, or adverse event were observed in any patient.
Discussion
In the current study, we compared the preventive effect of lidocaine, ketamine, and rocuronium on withdrawal response of rocuronium injection. We showed that the 3 drugs decreased the withdrawal response caused by rocuronium injection. However, remifentanil was the most effective drug in prevention of withdrawal response among the drugs.
Pain during intravenous injection of rocuronium and distressing side effect are very common [10, 11] . The pain is sometimes severe such as burning sensation [6, 10, 11] , and causes withdrawal movement of the arm which can create secondary injury or pulmonary aspiration due to gastric regurgitation [12] . However, the mechanisms of injection pain of rocuronium are not clear.
Lidocaine is a common used amide local anesthetic agent which has short duration of action. Previous studies have reported that lidocaine is effective in reducing the pain on injection of rocuronium because of its local analgesic effect [6, 11] . Cheong and Wong [11] reported that only 7% of patients had complained of pain after rocuronium injection when treated with lidocaine 30 mg before administration of rocuronium. Ahmad et al. [6] reported that pretreatment with lidocaine 40 mg reduced the incidence of withdrawal reaction to 30%. In our study, the incidence of withdrawal response was reduced to 20% after pretreatment with lidocaine 40 mg intravenously. It seems that the preventive effect of lidocaine against injection pain is dependent on the timing between the administration of lidocaine and rocuronium. According to the previous reports, peripheral analgesic effect of lidocaine is rapid and disappears quickly, not lasting beyond 2 minutes [6, 11] . The time of administration of rocuronium in this study was 60 seconds after intravenous injection of lidocaine, which was earlier than the study of Ahmad et al. (more than 120 seconds) [6] and later than the Cheong and Wong's study (10 seconds). Ketamine is a phencyclidine derivative hypnotic agent with strong analgesic properties [7, 13] . Ketamine activates N-methyl-D aspartate receptors not only in the vascular endothelium but also in the central nervous system [13] . It may also increase the pain threshold in the central nervous system. Previous reports showed that ketamine administration before rocuronium injection reduced injection pain of rocuronium effectively [7, 8, 14] . The incidence of withdrawal response after rocuronium administration was 27% when ketamine 0.2 mg/kg has pretreated [14] . In another case, it was reported that rocuronium injection pain occurred in 40% of patients even if ketamine 0.5 mg/kg was used as pretreatment [7] . In our study, pretreatment of ketamine 0.5 mg/kg showed that the incidence of withdrawal response was 30%, comparable to lidocaine. However, severe withdrawal response with generalized movement occurred more frequently in the ketamine group (30%) than the lidocaine group (17%). Thus, lidocaine may be superior to ketamine in preventing rocuronium injection pain. In addition, it is well known that ketamine produces sympathetic stimulation or psychomimetic emergence reactions. However, we did not observe significant increase in blood pressure or heart rate compared to control, and psychomimetic reactions in our patients. We think that this was due to the low dose of ketamine (0.5 mg/kg) [15] .
Remifentanil is an opioid agent with analgesic effect. It is very suitable for pretreatment during injection of rocuronium because it has very rapid onset time and rapid clearance [16] . In general, opioid decreases pain through both central and peripheral opioid receptors [16] . However, remifentanil acts mainly on the central opioid receptors for reducing pain during injection of rocuronium. When the venous occlusion technique with a tourniquet on the forearm was used for the remifentanil Fig. 2 . Sequential changes of heart rate before and after intravenous injection of normal saline, lidocaine, ketamine, and remifentanil and after endotracheal intubation. There was no significant difference in heart rate before injection of pretreatment drugs (control) among the groups. After injection of pretreatment drugs, heart rate was significantly decreased in group R compared to control and other groups. After intubation, heart rate was increased compared to control in all groups, but it was significantly lower in group R than other groups (P < 0.05). Group N: normal saline, Groups L: lidocaine 40 mg, Group K: ketamine 0.5 mg/kg, Group R: remifentanil 1 μg/kg. *P < 0.05 compared with control.
† P < 0.05 compared with group N. ‡ P < 0.05 compared with group L. § P < 0.05 compared with group K.
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pretreatment, 9.1% adult patients and 60% pediatric patients showed pain responses [17, 18] . Rocuronium showed significant prevention (0% of incidence) of withdrawal response or injection pain of rocuronium when administered intravenously [1] , which was in agreement with our results. The incidence of withdrawal response was also 0% in the remifentanil group in our study. Although they have different time interval between remifentanil and rocuronium injection (90 vs. 60 seconds), it seems that 60 seconds may be enough to reach the central effect of remifentanil to prevent rocuronium injection pain in adults. Its peak effect after IV administration, occurs in 70 seconds [1] . Furthermore, remifentanil is frequently used for blunting hemodynamic changes during endotracheal intubation [19, 20] . In this study, mean blood pressure and heart rate were significantly lower in the group which had remifentanil 1 μg/kg compared to other groups. The preventive effect of remifentanil on hemodynamic changes during endotracheal intubation is dose dependent. Optimal effect-site concentration of remifentanil for preventing development of hypertension during endotracheal intubation is 3.3 ng/ml [20] . However, calculated effect-site concentration of remifentanil in the current study was 2.21-2.29 ng/ ml according to the Minto kinetic model when it was assumed that intubation was done about 2 minutes after remifentanil 1 μg/kg administration [21] . However, remifentanil which was used to reduce pain of rocuronium injection was also effective in blunting hemodynamic changes during endotracheal intubation in our study. The reasons of this difference are not clear, but the following conditions may have affected the results. Firstly, we used the bolus injection instead of target-controlled infusion since we focused on the pain of the rocuronium injection and accordingly modulated the administration method to be equivalent with other drugs. Secondly, time interval between remifentanil injection and endotracheal intubation was shorter in our study than previous study (about 120 vs. 250 second) [20] . It is well known that lidocaine was also effective for blunting the hemodynamic response to endotracheal intubation. However, our study did not show the effectiveness of lidocaine similar to the report of Suzuki et al. [19] . Relative low dose than known effective dose (1.0 mg/kg vs. 1.5 mg/kg) and shorter time after lidocaine injection than recommended timing (2 vs. 3 minutes) could be the reasons why lidocaine was not effective in preventing hemodynamic changes after endotracheal intubation [19] .
There are several limitations to the current study. Firstly, latent time of preventive effect after injection of drug may be different according to the drug. Lidocaine acts more strongly on peripheral receptors and the effects are rapid and transient [6, 11] , whereas, analgesic effect of ketamine or remifentanil works mainly on the central nervous system and lasts longer [13, 16] . Thus, the time of drug effects could be different. However, we set the timing of rocuronium injection to 60 seconds after administration of preventive drugs. Secondly, analgesic effects of the 3 drugs used in this study were not equipotent. As mentioned earlier, there is no clear comparison of the analgesic potency of lidocaine, ketamine, and remifentanil during injection of rocuronium. This makes it difficult to set the appropriate dose of each drugs and may lead to discrepancy in the study result. However, this study focused on the comparison of drugs which are used frequently for prevention of rocuronium injection pain in the clinical setting. Thirdly, venous occlusion technique is also used frequently for lidocaine; however, we used intravenous injection only. According to meta-analysis, pretreatment with lidocaine is effective whether venous occlusion is used or not [4] . Furthermore, pretreatment of remifentanil with venous occlusion is not effective as injection only [4] . The aim of this study was to determine the most effective pretreatment drug for rocuronium injection pain in the same condition, thus, we selected intravenous administration only. Finally, individual variations could have affected the withdrawal responses. Those responses following injection of drugs that causes pain can be different according to clinical factors such as gender, age, and cannulation site [22] . Moreover, while the cephalic vein was selected in the study, various anatomical variations exist in individuals [23] .
In conclusion, we found that remifentanil (1 μg/kg intravenously) was the most effective drug in the prevention of the withdrawal response on rocuronium injection among the 3 drugs (lidocaine, ketamine, and remifentanil). Moreover, remifentanil reduced the hemodynamic changes after endotracheal intubation, effectively.
